The antigenic phenotypes of several temperature-sensitive mutants of simian virus 40 were determined by an immunofluorescence microtechnique that allowed a very high degree of internal control for the conditions of virus infection and antigenic staining. The tumor (T), U, capsid protein (C), and virion (V) antigens were investigated. Productive infection in monkey cells and abortive infection in mouse cells were simultaneously monitored for antigen production at both permissive and restrictive temperatures. Simian virus 40 (SV40) has a productive infectious cycle in monkey kidney cells and an abortive or transforming cycle in mouse cells. Because of the small size of the SV40 genome, the analysis of all essential viral functions may be possible. Such an analysis would provide specific information about the molecular nature of several important biological processes known to occur during infection. Early viral functions include the induction of cellular DNA synthesis (7), initiation of each round of viral DNA replication (20), integration of viral DNA into cellular DNA (8), neoplastic transformation of animal cells (2), and the control of late viral transcription (3). These early viral functions have not yet been associated with specific viral-coded proteins. However, they may be related to the SV40-specific tumor (T) and U intranuclear antigens that appear early within infected cells. Late viral genes code for structural proteins which react with antisera prepared against purified virions or their components (11). The present investigation was undertaken to standardize the complementation grouping of temperature-sensitive mutants isolated in different laboratories and to relate these complementation groups to the production of different SV40-specific antigens by using an immunofluorescent microtechnique.
The antigenic phenotypes of several temperature-sensitive mutants of simian virus 40 were determined by an immunofluorescence microtechnique that allowed a very high degree of internal control for the conditions of virus infection and antigenic staining. The tumor (T), U, capsid protein (C), and virion (V) antigens were investigated. Productive infection in monkey cells and abortive infection in mouse cells were simultaneously monitored for antigen production at both permissive and restrictive temperatures. Complementation analyses of the mutants demonstrated two complementing groups (A and B) and one noncomplementing group (*). One of the complementing groups could be subdivided into two subgroups having very different antigenic phenotypes. The following phenotypes were observed at the restrictive temperature in monkey cells. (i) The noncomplementing group produced none of the antigens. (ii) Group A induced T antigen in moderately but consistently reduced numbers of cells. Other antigens were markedly reduced or absent. (iii) Some of the group B mutants produced T antigen but little or no U and V antigens. The C antigen appeared in the nucleolus and cytoplasm of this subgroup. (iv) In the other group B mutants, antigen synthesis was not altered. Similar phenotypes were observed in mouse cells, except that U, C, and V antigens could not be detected during either the mutant or wild-type virus infections at any temperature.
Simian virus 40 (SV40) has a productive infectious cycle in monkey kidney cells and an abortive or transforming cycle in mouse cells. Because of the small size of the SV40 genome, the analysis of all essential viral functions may be possible. Such an analysis would provide specific information about the molecular nature of several important biological processes known to occur during infection. Early viral functions include the induction of cellular DNA synthesis (7) , initiation of each round of viral DNA replication (20) , integration of viral DNA into cellular DNA (8) , neoplastic transformation of animal cells (2) , and the control of late viral transcription (3). These early viral functions have not yet been associated with specific viral-coded proteins. However, they may be related to the SV40-specific tumor (T) and U intranuclear antigens that appear early within infected cells. Late viral genes code for structural proteins which react with antisera prepared against purified virions or their components (11) . The present investigation was undertaken to standardize the complementation grouping of temperature-sensitive mutants isolated in different laboratories and to relate these complementation groups to the production of different SV40-specific antigens by using an immunofluorescent microtechnique.
MATERIALS AND METHODS
Productive infections were performed in the African green monkey TC7 subline (15) All virus stocks were grown in TC7 cells at 33 C, by using a multiplicity of infection (MOI) of 0.005, and prepared for infection as previously described (16) . The nomenclature for SV40 mutants has been described (19) . Mutants 4, 8, 11, 28 , and 30 were isolated by P. Tegtmeyer (20, 21) (17) . To insure that only the first cycle of infection was being assayed in the productive TC7 cells, either cytosine arabinonucleoside (Ara-C, 20 ug/ml, Sigma Chemical Co.) or SV40 bovine-neutralizing antiserum (5%, Flow Laboratories) was added to the plates. The Ara-C was added at the beginning of infection, and the prewarmed (42 C) neutralizing antiserum was added at 20 HAI by using one plate at a time on a 42 C hot plate.
The fixed cells were stained for the appropriate antigens by using the indirect fluorescent-antibody technique adapted to microculture (13) . Three wells for each virus were stained for each antigen, using three antisera per plate. The number of antigen-positive nuclei in all three well bottoms was counted for each antigen and each virus. Fluorescein-conjugated anti-SV40 T antigen hamster ascitic fluid and bovine SV40-neutralizing serum (anti-virion [VI antigen) were purchased from Flow Laboratories. The T antiserum (1:20 dilution) did not react with Ad2+ND,-infected TC7 cells, indicating the absence of detectable antibody to U antigen because Ad2+ND,-infected monkey cells do not form T antigen (10) . Guinea pig antiserum to solubilized capsid proteins (anti-capsid [C] serum) has been previously described (11) . It reacts by complement fixation (CF) with virus particles and with both the 25,000 and 45,000 dalton structural proteins. It was used at a 1:500 dilution.
Monkey anti-U antigen serum (10) The virus mixtures were adsorbed by using 0.1 ml per dish for 2 h at 25 C with agitation every 15 min. The dishes were then rinsed twice with SFM, and 2 ml of growth medium was added. After 72 h at 41.5 C, the dishes were frozen at -40 C. The thawed viral lysates were treated with sonic oscillations (80%, 10 s, Biosonik IV sonifier), centrifuged at 5,000 rpm for 5 min in a RC-2 Sorvall refrigerated centrifuge, and filtered through a membrane filter (0.45 gim; Millipore Corp.). These viral preparations were endpoint dilution titered (12) on TC7 cells at 33 and 41.5 C. Complementation assays were also performed by using TC7 cells with an MOI of 0.5 to 1.0 and titering by the plaque technique, as previously described (21) . and Y were the yields of two mutant strains grown at 41.5 C and assayed at the temperatures indicated in the subscripts. Reversion and recombination frequencies were always less than 1%.
RESULTS AND DISCUSSION
The complementation data derived from two different laboratories (J. R. and P. T.), using an MOI of 0.5 to 1.0, were similar. The antigenic phenotypes are summarized in Table  2 , and the functional characteristics are summarized in Table 3 . Four phenotypically different mutant classes were observed during productive infection in monkey TC7 cells, and three different classes were observed during abortive infection in mouse BALB/3T3 cells. Before describing the individual classes, the following general comments can be made about the experiments. (i) The control of internal variation was quite good, because all viruses were Table 2 ). tested simultaneously by using one pool of either TC7 or BALB/3T3 cells, all dishes were incubated together at the respective temperatures, and all dishes were stained for all antigens simultaneously. Three independent experiments gave similar results (ii) Only the first cycle of infection in the productive TC7 cells was being monitored, because there was no difference in the number of T or U antigen-positive nuclei in cells incubated with Ara-C or with SV40-neutralizing antiserum. The formation of C and V antigens was inhibited by Ara-C. (iii) Both wild-type viruses (SV-S, VA45-54) produced all antigens equally well in TC7 cells and produced T equally well in BALB/3T3 cells. (iv) No mutants were inhibited due to slow accumulation of antigen as determined by early (24 h) and late (48 h) time points. (v) T and U antigens were not inhibited by Ara-C. These antigens did not require viral or cellular DNA replication for their expression and were early functions. The C and V antigens were inhibited by Ara-C. These antigens did require DNA replication for their expression and were late functions. (vi) The C and V antigens were not expressed during abortive infection in the BALB/3T3 cells. (vii) The inability to detect U antigen in the wild-type SV40-transformed BALB/3T3 cells (SEA-45) and the BALB/3T3 cells after acute infection was due to either the relatively low titer of the U antiserum or to deficient U antigen expression in mouse cells. Higher-titer U antisera than are presently available will be required to differentiate between these two possibilities.
Noncomplementing group * (ts* 101). This mutant has been previously described as being inhibited in the initiation of T, U, and V antigens during productive infection (17) and of T antigen during abortive infection (18) . The data indicate that ts*101 was also inhibited in initiating C antigen in monkey cells.
Group A (tsA28 and tsA30). These mutants have been previously described (20) and were less leaky at 41.5 C than the tsA7 mutant originally described (21) . Our data indicate that this group was partially inhibited in forming detectable T antigen and markedly inhibited in forming U antigen during productive infection. This group was markedly inhibited in initiating T antigen during abortive infection. No formation of C or V antigens by these mutants was detectable in the TC7 cells.
Group B (tsBIl, tsB554, tsB8, tsB559 (11) . Some late mutants of polyoma (e.g., tslO in group I) also produce heat-labile virus (5) .
